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(54) INSULATED WIRE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an insulated wire which is excellent in flame retardancy, tensile 
and electrical characteristics, used for the internal wiring of electronic equipment and an electrical 
apparatus, having high heat resistance coming up to UL (Reference Standard for Electrical Wires, 
Cables and Flexible Cords) 150°C heat aging test specification, and eliminating the elution of a heavy 
metal compound and the generation of a large quantity of smoke and corrosive gas in the disposal such 
as landfill and incineration. 

SOLUTION: The insulated wire has a conductor coated with the crosslinked body of a composition 
containing a metallic hydrate of 150-300 pts.wt, a phenolic antioxidant of 1-6 pts.wt., and a thioether- 
based antioxidant of 12-30 pts.wt. to a base resin of 100 pts.wt. containing a copolymer composed of 
ethylene and vinyl acetate. The vinyl acetate content of the base resin is 40 wt.% or more. 
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* NOTICES * 

JPO and NCXPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Insulated wire characterized by containing the metal hydrate 150 - the 300 mass sections, a 
phenolic antioxidant 1 - 6 mass sections, and the thioether system anti-oxidant 12-30 mass sections to the 
base resin 100 mass section containing an ethylene-vinylacetate copolymer, and covering the conductor with 
the bridge formation object of the constituent whose vinyl acetate content of this base resin is more than 40 
mass %. 

[Claim 2] Insulated wire according to claim 1 with which said constituent is characterized by containing the 
benzimidazole system antioxidant below 12 mass sections to the base resin 100 mass section. 
[Claim 3] Insulated wire according to claim 1 or 2 with which said constituent is characterized by containing 
the ethylene-acrylic rubber below the 30 mass % in base resin. 

[Claim 4] Insulated wire according to claim 1, 2, or 3 characterized by carrying out surface treatment of said 
metal hydrate by the silane coupling agent. 

[Claim 5] Insulated wire of claim 1-4 characterized by said metal hydrate being a magnesium hydroxide 
given in any 1 term. 

[Claim 6] Insulated wire of claim 1-5 characterized by being the ethylene-vinylacetate copolymer of the 
structure where more than 20 mass % of said ethylene-vinylacetate copolymer has three or more vinyl 
acetate components as a constituent of a copolymer continuously given in any 1 term. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the insulated wire which has fire retardancy, outstanding 
tractive characteristics, and outstanding thermal resistance about the insulated wire used for internal wiring 
of the electrical and electric equipment, and has neither the elution of a heavy metal compound, nor 
generating of a lot of smoke and corrosive gas at the time of abandonment of reclamation, incineration, etc. 

[Description of the Prior Art] Various properties, such as fire retardancy, tractive characteristics, and 
thermal resistance, are demanded of the insulated wire used for internal wiring of the electrical and electric 
equipment, and the polyolefine compounds which blended the halogen series flame retardant which contains 
a bromine atom and a chlorine atom in a polyvinyl chloride (PVC) compound or a molecule as the covering 
material, and these bridge formation objects are used for it. The various problems which arise when the 
insulated wire using such covering material is discarded in recent years, without carrying out suitable 
processing are raised. For example, the elution of the plasticizer blended with covering material, or a heavy- 
metal stabilizer, and when reclamation abandonment is carried out, and incineration abandonment is carried 
out, the problem of generating of a lot of corrosive gas etc. arises. For this reason, examination of the 
technique which covers an electric wire with a non halogen fire retarding material without generating of a 
harmful heavy metal, corrosive halogen system gas, etc. is performed briskly. 

[Problem(s) to be Solved by the Invention] The properties (fire retardancy, tractive characteristics, thermal 
resistance, etc.) required of the insulated wire used for internal wiring of the electrical and electric 
equipment are prescribed by UL (Reference Standard for Electrical Wires, Cables, and Flexible Cords), JIS, 
etc., and it is known in the property demanded that coexistence of fire retardancy and tractive characteristics 
is difficult. When it is going to reconcile fire retardancy and tractive characteristics with the insulated wire 
which covered the non halogen fire retarding material, there is the approach of using as covering material 
the constituent which blended red phosphorus as a fire-resistant assistant in addition to the metal hydrate 
which is a flame retarder. However, in wiring of the present electrical and electric equipment, for the 
purpose of distinguishing the class and connection, it prints on the surface of insulated wire, or covers with 
the ingredient colored some kinds of colors. When red phosphorus is blended with covering material, it 
cannot be colored the color of arbitration including white because of coloring of red phosphorus, and the 
problem of it becoming impossible to identify surface printing occurs. 

[0004] In recent years, the approach of covering a conductor is proposed with the bridge formation object of 
the constituent which blended so much the metal hydrate by which surface treatment was carried out to the 
ethylene system copolymer to which the content of polar groups, such as vinyl acetate and acrylic ester, was 
made to increase by the silane coupling agent as an approach which does not use red phosphorus. 
[0005] The bridge formation by an electron ray cross-linking method, a chemistry cross-linking method, etc. 
of a constituent which cover a conductor currently performed also in the above-mentioned approach is used 
as what raises the thermal resistance. Especially, it is UL125 degree C (70% or more of tensile strength 
remaining rates 168 hours after 158 degree-Cx). 65% or more of**** elongation remaining rates, UL150 
degree C (168 hours after 180 degree-Cx) In order to consider as the insulated wire which passes heat aging 
test specification with 65 severe% or more of 70% or more of tensile strength remaining rates, * * * * ^ 
elongation remaining rates, etc. It not only constructs a bridge, but the method of raising the thermal 
resistance is taken by the synergistic effect by using together peroxide decomposition agents, such as radical 
chain inhibitor, such as an amine system anti-oxidant and a phenolic antioxidant, and a sulfur system anti- 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 7/5/2006 



JP,2002-042574,A [DETAILED DESCRIPTION] 



Page 2 of 8 



oxidant, the Lynn system anti-oxidant. Also in a fire-resistant insulated wire which covered the bridge 
formation object of the constituent which blended the halogen series flame retardant with polyolefine, in 
order to pass heat aging test specification, such as UL125 degree C and UL150 degree C, the approach of 
using together radical chain inhibitor and a peroxide decomposition agent is taken in many cases. However, 
it sets to the non halogen fire retardancy insulated wire which covered the bridge formation object of the 
constituent which blended so much the metal hydrate by which surface treatment was carried out to the 
ethylene system copolymer to which the content of polar groups, such as vinyl acetate and acrylic ester, was 
made to increase by the silane coupling agent. Although what passes the heat aging test specification of 
UL125 degree C is obtained like a fire-resistant insulated wire which covered the bridge formation object of 
the constituent which blended the halogen series flame retardant with the above-mentioned polyolefine even 
if it uses together radical chain inhibitor and a peroxide decomposition agent The heat aging test 
specification of UL150 degree C shall not be passed. This invention offers the insulated wire which is used 
for internal wiring of an electron and an electrical machinery and apparatus, and has the outstanding fire 
retardancy, tractive characteristics, thermal resistance, and an electrical property about the insulated wire 
which solved this problem, and has neither the elution of a heavy metal compound, nor generating of a lot of 
smoke and corrosive gas at the time of abandonment of reclamation, incineration, etc. 
[0006] 

[Means for Solving the Problem] The above-mentioned technical problem was attained by the following 
invention. 

(1) Insulated wire characterized by containing the metal hydrate 150 - the 300 mass sections, a phenolic 
antioxidant 1 - 6 mass sections, and the thioether system anti-oxidant 12-30 mass sections to the base resin 
100 mass section containing an ethylene- vinylacetate copolymer, and covering the conductor with the bridge 
formation object of the constituent whose vinyl acetate content of this base resin is more than 40 mass %. 

(2) Insulated wire given in (1) term with which said constituent is characterized by containing the 
benzimidazole system antioxidant below 12 mass sections to the base resin 100 mass section. 

(3) Insulated wire (1) to which said constituent is characterized by containing the ethylene-acrylic rubber 
below the 30 mass % in base resin, or given in (2) terms. 

(4) Insulated wire of (1), (2), or (3) term publication characterized by carrying out surface treatment of said 
metal hydrate by the silane coupling agent. 

(5) Insulated wire of (1) - (4) term characterized by said metal hydrate being a magnesium hydroxide given 
in any 1 term. 

(6) Insulated wire of (1) - (5) term characterized by being the ethylene- vinylacetate copolymer of the 
structure where more than 20 mass % of said ethylene-vinylacetate copolymer has three or more vinyl 
acetate components as a constituent of a copolymer continuously given in anv 1 term 

[0007] 

[Embodiment of the Invention] Hereafter, a conductor is covered in this invention and each component 
contained in the constituent used for forming an insulator is explained. First, the base resin in this invention 
and each component contained in it are explained. In this invention, base resin may also contain (b) 
polyolefine and (c) ethylene-acrylic rubber in others if needed coming [ the (a) ethylene-vinylacetate 
copolymer ]. The vinyl acetate content is more than 40 mass %, and base resin is 50 to 70 mass % 
preferably, the thioether system antioxidant which will be blended so much if there are too few vinyl acetate 
contents of base resin - a conductor, although a problem occurs in the terminal processing process which 
the adhesion force between - insulators declines, strips off pre-insulation, and a convention of a conductor 
makes carry out die-length exposure, and is connected to a terminal etc. carrying out a vinyl acetate content 
to more than 40 mass % - a conductor - JIS which is the specification the fall of the adhesion force 
between - insulators is not seen, but concerning the fire retardancy of insulated wire It can consider as the 
insulated wire which passes the horizontal firing trial of C3005, and 60-degree inclination combustion test. 
Furthermore, it is UL which is the specification about the fire retardancy of insulated wire when a vinyl 
acetate content is more than 60 mass %. A VW-1 perpendicular combustion test shall be passed. 
[0008] (a) except using it, as the above [ the vinyl acetate content in base resin ] boils comparatively the 
ethylene-vinylacetate copolymer used for base resin in ethylene-vinylacetate copolymer this invention and it 
becomes, there is especially no limit, and it may mix and use two or more sorts. When using mixture with 
components other than an ethylene-vinylacetate copolymer as base resin, an ethylene-vinylacetate 
copolymer with a high vinyl acetate content can be used, and the vinyl acetate content of mixture can be 
adjusted to the above-mentioned rate. Moreover, the thing for 0.1-10g / 10 minutes (the load of 21.18 Ns 
(2. 1 6kgf), temperature of 1 90 degrees C) has a desirable melt flow rate (MFR). 
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[0009] More than 20 mass % of this ethylene-vinylacetate copolymer, by making 30 - 70 mass % into the 
thing of structure which has three or more vinyl acetate components as a constituent of a copolymer 
continuously preferably, the insulation resistance of a constituent can be raised further and the fall of the 
insulation resistance by moisture absorption and water absorption can consider as little insulated wire. 
About the structure of an ethylene-vinylacetate copolymer, from the peak area ratio of 13 C-NMR spectrum, 
it can compute and the signal which shows the structure of having three or more vinyl acetate components in 
succession in 65-70 ppm is seen. As such an ethylene-vinylacetate copolymer, there are "liver PUREN 
800HV", "liver PUREN 700HV", "liver PUREN 600HV" (all are a trade name and the Bayer make), etc., 
for example. 

[0010] (b) As polyolefine which can be used for base resin in polyolefine this invention, polyethylene, such 
as super-low density polyethylene (VLDPE), straight chain-like low density polyethylene (LLDPE), low 
density polyethylene (LDPE), medium density polyethylene (MDPE), and high density polyethylene 
(HDPE), a polypropylene homopolymer (H-PP), an ethylene-propylene block copolymer (B-PP), an 
ethylene-propylene random copolymer (R-PP), the thing that denaturalized these with unsaturated 
carboxylic acid or its derivative are raised, for example. As unsaturated carboxylic acid, a maleic acid, an 
itaconic acid, and a fumaric acid are used, and there are maleic-acid monoester, diester maleate, a maleic 
anhydride, itaconic-acid monoester, itaconic-acid diester, itaconic acid anhydride, fumaric-acid monoester, 
fumarate diester, an anhydrous fumaric acid, etc. as a derivative of unsaturated carboxylic acid, for example. 
The denaturation of polyolefine can perform polyolefine, unsaturated carboxylic acid, etc. melting and by 
kneading to the bottom of peroxide existence. The melt flow rate (MFR) of polyolefine has a desirable thing 
for 0.1-10g / 10 minutes (VLDPE, LLDPE, LDPE, MDPE, the HDPE:load of 21.18 Ns (2.16kgf), the 
temperature of 190 degrees C, H-PP, B-PP, R-PP: 21.18 Ns (2.16kgf) of loads, 230 degrees C). Usually, 
although a pellet may block by the inside of an extruder hopper, or the extruder screw feed zone, an 
enveloping layer may be crushed with an extruder guide roll or it may be damaged when carrying out 
extrusion covering of the constituent which used the ethylene-vinylacetate copolymer with a high vinyl 
acetate content and manufacturing insulated wire, these can be eased or prevented by mixing with 
polyolefine. It is also possible to mix and use two or more sorts also about polyolefine. 
[001 1] (c) the duality which consists of ethylene and a methyl acrylate as ethylene-acrylic rubber used for 
the base resin of ethylene-acrylic rubber this invention the ternary system polymer which consists of a 
system polymer or ethylene, a methyl acrylate, and a carboxyl compound is desirable, and "bay Mac D", the 
"bay Mac DLS", the "bay Mac G", the "bay Mac GLS" (all are trade name and Du Pont make), etc. are one 
of such things, for example. Ethylene-acrylic rubber is blended for the purpose of raising workability, when 
carrying out melting kneading of (a), (b), and the component of (d) - (g) mentioned later with kneading 
equipments, such as a Banbury mixer, a kneader, and a roll, or when carrying out extrusion covering of the 
constituent which carried out melting kneading with an extruder. 

[0012] (a) Since the ethylene-vinylacetate copolymer with the high vinyl acetate content used as a 
component has the high adhesive property over a metal, when it fuses, it has the problem of pasting the 
metal part of kneading equipment or an extruder screw. Consequently, since it becomes difficult to 
discharge a constituent from kneading equipment or the amount of the constituent breathed out from an 
extruder is changed, the problem that the thickness of the enveloping layer of insulated wire does not 
become fixed may occur. These problems can be eased or prevented by adding ethylene-acrylic rubber to 
base resin. The loadings in the case of using ethylene-acrylic rubber in this invention are five to 1 5 mass % 
preferably below 30 mass % in the base resin 100 mass section. If the loadings of ethylene-acrylic rubber 
exceed 30 mass %, the increment in the tensile strength remaining rate after a heat aging test and decline in 
a **** elongation remaining rate are seen, and the high thermal resistance which passes especially the heat 
aging test specification which is UL1 50 degree C cannot be obtained. 

[0013] (d) In metal hydrate this invention, as a metal hydrate used as a flame fetarder, although there is 
especially no limit, the compound which has a hydroxyl group or water of crystallization, such as an 
aluminum hydroxide, a magnesium hydroxide, hydration aluminum silicate, a hydration magnesium silicate, 
basic magnesium carbonate, and a hydrotalcite, is raised, for example, these metal hydrates are independent 
- or two or more sorts can be used, combining. Moreover, since using the metal hydrate which carried out 
surface treatment by the silane coupling agent in this invention can obtain the insulated wire which has good 
tractive characteristics, it is desirable. Although what is usually used can be especially used without a limit 
as a silane coupling agent used for surface treatment, the silane coupling agent which has organic functional 
groups, such as an amino group, an methacrylic radical, a vinyl group, an epoxy group, and a sulfhydryl 
group, is desirable, and the silane coupling agent which has a vinyl group and/or an epoxy group from the 
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point of fire retardancy and tractive characteristics is still more desirable. 

[0014] As such a thing, a vinyl tris (beta-methoxyethoxy) silane, Vinyltriethoxysilane, vinyltrimetoxysilane, 
gamma-(methacryloyl oxypropyl) trimethoxysilane, gamma-(methacryloyl oxypropyl) methyl 
dimethoxysilane, beta-(3, 4-epoxycyclohexyl) ethyl trimethoxysilane, Gamma-glycidyloxypropyl 
trimethoxysilane, gamma-glycidoxypropylmethyldietoxysilane, N-beta-(aminoethyl)-gamma-aminopropyl 
trimethoxysilane, N-beta-(aminoethyl)-gamma-aminopropyl methyl dimethoxysilane, gamma-aminopropyl 
triethoxysilane, N-phenyl-gamma-aminopropyl trimethoxysilane, gamma-mercapto propyltrimethoxysilane, 
etc. are raised. When using the metal hydrate by which surface treatment was carried out by the silane 
coupling agent, the metal hydrate by which surface treatment was beforehand carried out by the silane 
coupling agent may be blended with a constituent, a silane coupling agent may be blended with unsettled or 
a metal hydrate [ finishing / surface treatment ], and surface treatment may be performed. The silane 
coupling agent at this time specifically has desirable 0.1 - 2.0 mass % to a metal hydrate, although sufficient 
amount to carry out surface treatment is applied suitably. 

[0015] Moreover, about the class of these metal hydrates, from a heat-resistant point, a magnesium 
hydroxide is desirable and "Kuisma 5 M , "Kuisma 5A", "Kuisma 5B", "Kuisma 5J", "Kuisma 5LH", "Kuisma 
5PH" (all are a trade name and consonance chemical-industry company make), etc. are one of such things, 
for example. The loadings of a metal hydrate are the 1 50 - 300 mass section to the base resin 1 00 mass 
section, and are the 180 - 240 mass section preferably. If there are few loadings of a metal hydrate than the 
150 mass sections, the fire retardancy required of the insulated wire used for internal wiring of the electrical 
and electric equipment cannot be acquired. On the other hand, since tractive characteristics will fall if the 
loadings of a metal hydrate exceed the 300 mass sections, it is not desirable. 

[0016] Next, the (e) phenolic antioxidant and (f) thioether system antioxidant are explained. It is used in 
order that the (e) phenolic antioxidant and (f) thioether system anti-oxidant may give the high thermal 
resistance which passes the heat aging test specification of UL150 degree C to the constituent which comes 
to contain the base resin whose vinyl acetate content is more than 40 mass %, and (d) metal hydrate in this 
invention. In the insulated wire used for internal wiring of the electrical and electric equipment, it is 
common to construct a bridge with an electron ray cross-linking method from the point of the productivity 
in the constituent which covers a conductor, and since a peroxy radical and hydroperoxide occur in large 
quantities at the time of electron beam irradiation, the problem of consuming an antioxidant in large 
quantities arises. For this reason, the amount of the antioxidant added by the constituent of this invention 
becomes 1 0 or more times of the antioxidant blended with the common constituent non-constructing a 
bridge. 

[0017] (e) As a phenolic antioxidant phenolic antioxidant For example, a triethylene glycol-screw (3-(3-t- 
butyl-5-methyl-4-hydroxyphenyl) propionate), A 1 ,6-hexanediol-screw (3-(3, 5-G t-butyl-4-hydroxyphenyl) 
propionate), Pentaerythrityl-tetrakis (3-(3, 5-G t-butyl-4-hydroxyphenyl) propionate), Octadecyl-3-(3, 5-G t- 
butyl-4-hydroxyphenyl) propionate, 1, 3, 5-trimethyl -2, 4, 6-tris (3, 5, - G t-butyl-4-hydroxybenzyl) 
benzene, Tris (3, 5-G t-butyl-4-hydroxybenzyl) isocyanurate, There is iso octyl-3-(3, 5-G t-butyl-4- 
hydroxyphenyl) propionate etc. What has two or more 3 and 5-G t-butyl-4-hydroxyphenyl radical or 3, and 
5-G t-butyl-4-hydroxybenzyl radicals from the point which gives high thermal resistance also in these to 
insulated wire is desirable. Especially tris (3, 5-G t-butyl-4-hydroxybenzyl) isocyanurate is desirable, the 
loadings of the phenolic antioxidant in this invention — the base resin 100 mass section — receiving — 1 - 6 
mass section - it is 2 - 4 mass section preferably. If there are few loadings of a phenolic antioxidant than 1 
mass section, the effectiveness of heat-resistant improvement will not be seen in the insulated wire after 
bridge formation. Moreover, if 6 mass sections are exceeded, the effectiveness of heat-resistant 
improvement may be saturated, or the fall of tensile strength and decline in the **** elongation remaining 
rate after a heat aging test may be seen by bridge formation inhibition. 

[0018] (f) as a thioether system anti-oxidant thioether system anti-oxidant - dilauryl -3 and 3' - 
thiodipropionate, dimyristyl -3, and 3 f - thiodipropionate, distearyl -3, and 3' - the point which there are - 
thiodipropionate, pentaerythritol tetrakis (3-laurylthio propionate), etc., and gives high thermal resistance 
also in these to insulated wire to pentaerythritol tetrakis (3-laurylthio propionate) is desirable, the loadings 
of the thioether system anti-oxidant in this invention - the base resin 100 mass section — receiving - 12 - 30 
mass section - it is 14 - 24 mass section preferably, the case where it blends so much while the 
dispersibility [ there are many things of a liquid and things of an about 30-70-degree C low-melt point point, 
and ] in a constituent etc. improved about the thioether system antioxidant - general - the front face of a 
constituent - easy - depositing - hurting the appearance of insulated wire ****-- a conductor - there is a 
problem of reducing the adhesion force between - insulators. However, by carrying out the vinyl acetate 
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content of base resin to more than 40 mass % in this invention, a deposit of a thioether system antioxidant 
can be suppressed and the adhesive property over a metal can be further made high, therefore, the poor 
appearance of insulated wire which is a problem at the time of carrying out abundant combination of the 
thioether system antioxidant in this invention and a conductor - the fall of the adhesion force between - 
insulators was prevented, and it became possible to offer the insulated wire which has the high thermal 
resistance which passes the heat aging test specification of UL150 degree C, without generating these 
problems. If there are few loadings of a thioether system antioxidant than 12 mass sections, in the insulated 
wire after bridge formation, the high thermal resistance which passes the heat aging test specification of 
UL150 degree C cannot be given, if the loadings of a thioether system antioxidant exceed 30 mass sections 
on the other hand — the effectiveness of heat-resistant improvement not only being saturated but a conductor 
— there is a case where the adhesion force between - insulators does not decline, or it stops having the fire 
retardancy demanded. 

[0019] (g) In benzimidazole system antioxidant this invention, a benzimidazole system antioxidant can be 
blended if needed for the purpose of preventing volatilization of other antioxidants used together, shift, etc. 
As a benzimidazole system anti-oxidant, 2-mercapto benzimidazole, 2-mercaptomethyl benzimidazole, 4- 
mercaptomethyl benzimidazole, 5-mercaptomethyl benzimidazoles, these zinc salt, etc. exist. The loadings 
of a benzimidazole system anti-oxidant are 4 - 8 mass section preferably below 12 mass sections to the base 
resin 100 mass section. If the loadings of a benzimidazole system antioxidant exceed 12 mass sections, the 
increment in the tensile strength remaining rate after a heat aging test and decline in a **** elongation 
remaining rate will be seen. 

[0020] In insulated wire, a cable, etc., various kinds of additives (an antioxidant, metal deactivator, an 
ultraviolet ray absorbent, a dispersant, pigment, etc.) currently generally used can be suitably blended with 
the constituent which covers a conductor in this invention in the range which does not spoil the purpose of 
this invention if needed, the constituent containing each component in which the insulated wire of this 
invention carried out melting kneading with kneading equipments with which it is usually used, such as a 
Banbury mixer, a kneader, and a roll, — the usual extruding press machine for electric- wire manufacture — 
using — a conductor — it can manufacture by carrying out extrusion covering and constructing a bridge over 
a perimeter in the enveloping layer after that. Although especially a limit does not have the approach of 
bridge formation and it can carry out also with a chemistry cross-linking method or an electron ray cross- 
linking method, the cross-linking method by the electron beam irradiation from the point of productivity is 
desirable. When constructing a bridge by electron beam irradiation in manufacture of the insulated wire of 
this invention, the dosage of an electron ray has desirable 5 - 25Mrad, and polyfiinctional compounds, such 
as methacrylate system compounds (for example, trimethylolpropane triacrylate etc.), allyl compound 
system compounds (for example, triaryl SHIANU rate etc.), a maleimide system compound, and a divinyl 
system compound, may be blended with a constituent as a bridge formation assistant. 
[0021] the conductor of the insulated wire of this invention ~ especially a limit has neither a path nor the 
quality of the material of a conductor, and it is suitably set according to an application. There is also no 
thickness of an insulator (enveloping layer), it is the same as that of the usual thing, and that of especially a 
limit is good. Moreover, an enveloping layer, such as preparing an interlayer between the insulators and 
conductors which were formed with the above-mentioned constituent for covering, may be the thing of 
multilayer structure. 
[0022] 

[Example] Hereafter, based on an example, this invention is further explained to a detail. 

examples 1-8 and the examples 1-3 of a comparison — the dryblend of each component was first carried out 

at the room temperature with a rate shown in Table 1 , melting kneading was carried out using the Banbury 

mixer, and the class product for insulator formation was obtained, next, the constituent which used the 

general-purpose extruding press machine for electric-wire manufacture, and was obtained — a conductor — 

on the tinning annealed copper wire (configuration 7 /0.16mmphi) of 0.48mm of diameters phi, extrusion 

covering was carried out by the thickness of 0.42mm, an insulated wire non-constructed a bridge was 

manufactured, and electron beam irradiation of 10Mrad(s) was further performed to this insulated wire. 

[0023] In addition, the following were used as each component shown in Table 1. 

(01) Ethylene and vinyl acetate copolymer liver PUREN 800HV (a trade name, Bayer make) 

Vinyl acetate content 80 mass %(02) ethylene and vinyl acetate copolymer Eve FREX EV40LX (a trade 

name, the Mitsui E. I. du Pont de Nemours poly chemical company make) 

Vinyl acetate content 40 mass %(03) denaturation polyethylene ADTEX L6100M (a trade name, Japanese 
polyolefine company make) 
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(04) Ethylene acrylic rubber bay Mac GLS (a trade name, Du Pont make) 

(05) Magnesium-hydroxide KISUMA 5PH (a trade name, consonance chemical-industry company make) 

(06) Phenolic antioxidant ADEKA stub AO-20 (a trade name, Asahi Denka Kogyo K.K. make) 

Tris (3, 5-G t-butyl-4-hydroxybenzyl) isocyanurate (07) thioether system anti-oxidant ADEKA stub AO- 
41 2S (a trade name, Asahi Denka Kogyo K.K. make) 
Pentaerythritol tetrakis (3-laurylthio propionate) 

(08) Benzimidazole system antioxidant NOKURAKKU MB (a trade name, Ouchi Shinko Chemical 
industrial company make) 

2-mercapto benzimidazole (09) powder stearin acid Sakura (a trade name, Nippon Oil & Fats Co., Ltd. 
make) 

(10) Trimethylolpropanetrimethacrylate OGUMONTO T200 (a trade name, Shin-Nakamura Chemical Co., 
Ltd. make) 

[0024] The following trials were performed about the obtained electric wire. The result was shown in Table 
1. 

1) the tensile strength (MPa) of the insulator of tractive-characteristics test profit **** insulated wire and 
**** elongation (%) were measured by part for marked-line [ of 25mm ], and speed-of-testing/of 500mm. 
The thing of 10.3 or more MPas of tensile strength and 1 00% or more of **** elongation was made into O. 

2) The tensile strength and **** elongation of an insulator seven days after 180 degrees-C [ of heat-resistant 
(heating aging property) trials ] x were measured, and what satisfies 70% or more of tensile strength 
remaining rates and 65% or more of **** elongation remaining rates was made into O. Since, as for a 
tensile strength remaining rate, bridge formation advances with heat, after a heat aging test may exceed 

1 00%. (Heat aging test of UL 1 50 degree C) 

3) Fire-resistant sex test JIS The horizontal firing trial of C3005, UL The VW-1 perpendicular combustion 
test was performed and what passed, respectively was made into O. In addition, it is not necessary to pass 
said two sorts of combustion tests [ both ], and about fire retardancy, if it is success in a horizontal firing 
trial, it will consider as success at the fire-resistant sex test. 

4) The terminal workability test casting machine was used and the sample with a die length of 600mm 
which stripped off covering of the both ends of insulated wire every 10mm was created. Even if covering 
was removed, and O and covering were removed in the thing 0.5mm or less, and covering residue became or 
was removed, that to which covering residue exceeds 0.5mm, and the thing from which the die length of 
insulated wire is not set to 600mm were made into x. When, as for the existence of covering residue, the die 
length of covering removal and insulated wire connects a terminal to insulated wire with regards to the 
working efficiency of a terminal processing process, it is related to whether a contact fault occurs. 

5) It was immersed in underwater [ of 20 degrees C of electrical property (water abortion marginal 
resistance) trials ] in 50m of insulated wire for 1 hour, the direct current voltage of 500V was applied for 1 
minute between a conductor and water, and insulation resistance was measured, and it converted into per km 
and evaluated. The reduced property of the thing of 100 or more M omega-km is success level. (Insulation 
resistance test of JIS C3005) 

[0025] 
[Table 1] 
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[0027] From the result of Table 1, each insulated wire of the examples 1-8 which are examples of this 
invention is understood that tractive characteristics, a heating aging property, fire retardancy, terminal 
workability, and water abortion marginal resistance are good, the insulated wire of the example 2 of a 
comparison with which the example 3 of a comparison whose vinyl acetate content of base resin is under 40 
mass %, and the content of a thioether system antioxidant exceed 30 mass % from the result of Table 2 on 
the other hand - a conductor since the adhesion force between - insulators declines, it turns out that a 
problem is in terminal workability. Although water abortion marginal resistance was also further examined 
about the example 3 of a comparison, the value is low and it turns out that there is a problem. Moreover, it 
turns out that the example 1 of a comparison whose content of a thioether system antioxidant is under 12 
mass sections has a problem in a heating aging property. 
[0028] 

[Effect of the Invention] The insulated wire of this invention has high fire retardancy and tractive 
characteristics, and has the high thermal resistance which passes the heat aging test specification of UL150 
degree C. moreover, a conductor - the adhesion between - insulators (enveloping layer) is high, and the 
workability in the terminal processing process which strips off pre-insulation, is made to carry out 
convention die-length exposure of the conductor, and is connected to a terminal etc. is good. The insulated 
wire of this invention has these outstanding properties, and neither the elution of a heavy metal compound 
nor generating of a lot of smoke and corrosive gas is at the time of abandonment of reclamation, 
incineration, etc., and it can be used suitable for internal wiring of the electrical and electric equipment. 

[Translation done.] 
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